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Introduction Although some Japanese strains of Pandorina morum Bory 
were described in detail in the previous papers (Nozaki & Kazaki, 1979; Nozaki, 
1980), the other species of Pandorina have not been reported from Japan. In 
1979, I had a chance to obtain Japanese specimens of Pandorina unicocca 
Rayburn et Starr from Kanagawa-Prefecture. This species was described by 
Rayburn and Starr (1974) by its isogamous sexual reproduction and its mor¬ 
phological disagreement to any other species of the genus. According to them, 
Pandorina unicocca was delimited by having cells which contained a single basal 
pyrenoid and by colonies which had Eudorina -like appearance. The colony 
consists of cells which were separated from one another in the gelatinous 
envelope. They also gave a description on both asexual and sexual reproduction 
observed under controlled laboratory conditions, but they did not mention on 
the gone colony formation in detail. 

In the present study, I observed the asexual and sexual reproduction, par¬ 
ticularly the gone colony formation, in the Japanese strains of Pandorina unicocca 
under controlled laboratory conditions. 

Materials and Methods Samples Water samples used in this study were 
collected at Nobi, Miura-Peninsula, Kanagawa-Prefecture, in May, 1979. 

Methods The methods used in this study are the same as those in the 
previous study on Pandorina morum (Nozaki & Kazaki, 1979). 

Clonal cultures were obtained by the pipette-washing methods (Pringsheim, 
E. G., 1946) from the samples and were grown in a synthetic medium, which 
was modified from M3-medium (Rayburn & Starr, 1974). Maintenance of cult¬ 
ures and experimental works were carried out under controlled laboratory 
conditions: temperature, about 20°C and illumination, about 4000 lux; 14hrs 
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light-10 hrs dark. Mating reaction was induced by mixing of the colonies of two 
complementary mating types in a watch glass supported on a glass triangle in 
petri dishes. The heterothallic mating pair of strains observed in this study 
was obtained by random mixing of five strains from the samples. Reddish 
brown zygotes were induced to germ after the dark treatment on the agar 
surface during about one month. Gelatinous matrix and flagella were observed 
by staining with methylene blue and by using a phase contrast microscope. 

Results Asexual reproduction Cell divisions usually occur when the size 
of the cell attains to about 20 pm in surface diameter. Each cell of the colony 
performs daughter colony formation equally, but does not divide synchronously. 
Some of the cells lag sometimes in one colony (PI. I, D). 

Following the cell division, the gelatinous matrix of the parental colony 
becomes more swollen, and a transparent membrane, which is thought to have 
surrounded each parental cell tightly before cell division, become swollen to be 
separated from the surface of the daughter cells (PI. I, D). This membrane 
is spherical in shape and at last attains to about 32 pm in diameter. 

Each daughter colony is formed in this transparent vesicle. Namely, usually 
4 or 5 longitudinal divisions occur successively to form a 16 or 32-celled plakea 
and a spherical colony is formed as a result of inversion (PI. I, E). During the 
inversion, each individual cell begins to project two flagella, one of which be¬ 
comes much longer than the other when the new gelatinous matrix is 
secreted. Consequently the longer flagellum seems to penetrate the new matrix, 
while the shorter one is embedded in it. As a result, the daughter colony has 
uniflagellate cells apparently, and is formed in the transparent vesicle in the 
parental confluent gelatinous envelope (Fig. 4), which is measured about 300 pm 
in length in case of a 32-celled parental colony. Up to this stage, the stigma 
of the parental cell has remained to one of the cells of the plakea or daughter 
colony, but soon new stigmata appear from the individual cells. After the 

daughter colony has been released from the parental gelatinous matrix, a single 
basal pyrenoid is developed and the two flagella become equal in length in each 
individual cell. The length of the daughter colony just after the formation is 
about 23 pm in case of a 16-celled colony or about 26 pm in case of a 32-celled 
colony. It takes several hours from the first cell division to the release of the 
daughter colony from the parental gelatinous matrix. 

Sexual reproduction The strains observed in this study are heterothallic 
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Fig.s 1-20. Pandorina unicocca Rayb. et Starr. 

1: 32-celled matured colony. 2: 32-celled young colony. 3: 16-celled matured colony. 4: Daugh¬ 
ter colony in transparent vesicle in confluent gelatinous envelope of parental colony. Note ap¬ 
parently uniflagellate cells and parental stigma in one of the cells. 5: Gamete release. 6: 
Gamete clumping and fusing gametes. 7: Quadriflagellate zygote. 8: Motile zygotes aggregat¬ 
ing. 9: Aplanozygotes before secretion of wall. 10: Green zygotes with heavy wall. 11: Red¬ 
dish brown zygotes. 12: Germinating zygote, protoplast projecting two flagella into space formed 
by thin-walled protuberance. Note hyaline bodies in this space. 13: Biflagellate gone cell escap¬ 
ing from zygote wall. Note three hyaline bodies. 14: Biflagellate gone cell with gelatinous 
envelope. 15-20: Gone colony formation; 15: 2-celled stage. 16: 4-celled stage. 17: 8-celled 
stage. 18: 16-celled stage. 19: Inversion stage of 16-celled plakea. 20: 16-celled gone colony in 
gelatinous envelope. Note apparently uniflagellate cells. 
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and the mating reaction occurs soon after the mixing of the colonies of two 
complementary mating types. 

The process of the mating reaction is essentially the same as that of 
Pandorina rnorum (Nozaki & Kazaki, 1979). Colony clumping (PI. I, G), gamete 
release (Fig. 5), gamete clumping and conjugation of gametes (Fig. 6) occur 
successively, and quadriflagellate zygotes are formed (Fig. 7). These motile 
zygotes soon begin to aggregate (Fig. 8) and enter the dormant period with 
their flagella disintegrated (Fig. 9). In the earliest case, the clump of these 
aplanozygotes is formed within one hour from the time of the mixing. 

Next step, the aplanozygotes lose their stigmata, secrete heavy cell walls 
during the following day (Fig. 10), and then become reddish brown in colour 
after about one week (Fig. 11). This matured zygote measures 10-20 fjtm in 
diameter. 

The zygote begins to germ within a day after transferred from the darkness 
to usual conditions. At the first stage, one part of the zygote wall becomes 
distended into a thin-walled protuberance. Then the reddish brown content 
(protoplast) begins to project two flagella into the space formed by the pro¬ 
tuberance (Fig. 12). In this space, two or three hyaline bodies, which are con¬ 
sidered to be the degenarate products of the meiotic division, are observed. 
Subsequent to this process, the thin-walled protuberance is ruptured and the 
reddish brown protoplast escapes from the wall (Fig. 13). This gone cell is 
somewhat ellipsoidal or oval in shape and is surrounded by a gelatinous envelope, 
through, which the two flagella of equal length are projected (Fig. 14). This 
envelope is spherical in shape and becomes more swollen as the gone colony 
formation progresses. It measures 15 n m to 45 ^m in diameter. The gone 
colony is formed in this transparent vesicle as it swims with these two flagella. 

After swimming for several hours, the gone cell begins cell division to 
form a gone colony (Figs. 15-20). The process of this gone colony formation 
is essentially the same as of the daughter colony formation in asexual reproduc¬ 
tion. That is, successive three, four or five divisions occur to form an 8, 16 or 
32-celled plakea, and after inversion a gone colony, which has apparently uni¬ 
flagellate cells and a new gelatinous matrix, is formed (Fig. 20). It takes about 
5 hours from the first cell division to this stage. 

The two flagella of the gone cell remains to stick to one of the daughter 
cells of the peripheral region of the plakea during cell divisions (Figs. 15-19). 
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They are however detached from the cell in the late stage of inversion and the 
vesicle containing the gone colony comes to a halt. The reddish brown granules 
recognized in the zygote still remain after the gone colony is formed, but vanish 
gradually after the release from the vesicle. Consequently a green colony is 
formed within a day. In this colony, each cell has a cup-shaped chloroplast 
with a single basal pyrenoid and two flagella of equal length. The size and 
number of cell of the gone colony depend upon the size of its former zygote. 
The gone colony just after the formation generally measures about 15 /.«m in case 
of an 8-celled colony and about 25 gm in case of a 32-celled colony in length. 

Discussion My observation on the vegetative phase and the sexual repro¬ 
duction agreed to some extent with the results reported by Rayburn and Starr 
(1974). But the asexual reproduction was different with regard to the parental 
gelatinous matrix. 

In the present study, each daughter colony was formed in a transparent 
vesicle (Fig. 4), which is thought to have surrounded the parental cell tightly 
in the vegetative phase. Though Rayburn and Starr (1974) did not report such 
a vesicle in the asexual reproduction, I clearly observed this in the same strains 
they had studied (103, 104, 105 and 106). This disagreement between the two 
observation might be caused by the difference of the methods of observation; 
in the present study, the materials were stained with methylene blue and ob¬ 
served by using a phase contrast microscope. Such a vesicle, in which each 
daughter colony is formed in the parental confluent gelatinous envelope, has 
been reported by several authors in various species of the colonial Volvocales; 
i. e. Hartmann (1924) and Iyengar (1933) in Eudorina elegans Ehrenberg, 
Doraiswami (1940) in Eudorina indica Iyengar, Merton (1908) in Pleodorina 
illinoisensis Kofoid and Chatton (1911) in Pleodorina californica Shaw. But, in 
another species of Pandorina, P. morum (Pringsheim, N., 1870; Dangeard, 1900; 
Taft, 1941; Coleman, 1959, Nozaki, 1980.), this vesicle in the asexual reproduc¬ 
tion has not been reported. According to my observation (1980), each daughter 
colony was formed in a keystone-shaped space of the parental gelatinous matrix, 
and was not ‘formed in a vesicle in the confluent gelatinous envelope of the 
parental colony. 

It is considered that this difference in the asexual reproduction between 
Pandorina morum and P. unicocca is derived from the structural difference of 
the gelatinous matrix of the colony. From my observation of these two species, 
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this difference was also revealed when the colonies were swollen and constitutive 
cells became separated from each other under unfavorable conditions. Besides, 
the gelatinous matrix is said to maintain the colonial arrangement of cells in 
Pandorina morurn (Fulton, 1978). From this point of view, the difference of 
the gelatinous matrix may reflect the morphological difference between the two 
species (Rayburn & Starr, 1974), namely the difference of the degree of the 
separation of the constitutive cells of the colony. 

In addition, the form of the projection of new flagella in the daughter 
colony formation, which has been already reported by Rayburn and Starr (1974), 
is the same as that in Eudorina-Pleodorina (Goldstein, 1964). In Pandorina 
morum (Pringsheim, N., 1870; Dangeard, 1900; Taft, 1941; Coleman, 1959; 
Nozaki, 1980), however, apparently uniflagellate cells of daughter colonies just 
after the formation have not been reported. According to my observation (1980), 
the two flagella of each individual cell were projected equally in asexual repro¬ 
duction of Pandorina morum. 

Based on these two characters concerned with the asexual reproduction, 
namely, the parental gelatinous matrix and the form of the projection of the 
new flagella, it may be postulated that Pandorina unicocca is more related to 
the genus Eudorina than Pandorina morum ; though these two genera, Pandorina 
and Eudorina, have been delimited by the form of sexual reproduction (Smith, 
1930; Thompson, 1954; Rayburn & Starr, 1974). 

I would like to express my sincere thanks to Prof. H. Kazaki of Tokyo 
Metropolitan University for his suggestions and guidance and to Mr. S. Kato of 
the same university for collecting the materials. Thanks are also due to the 
members of Makino Herbarium and Department of Natural History, Faculty of 
Science, Tokyo Metropolitan University and also to the colleagues of Keio High 
School for their helpful facilities. 
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Explanation of Plates I~II 

Plate I. Pandorina unicocca Rayb. et Starr. A: Optical section of 32-celled 
matured colony showing pyrenoids and stigmata. B: Surface view of 32-celled 
matured colony. C: Optical section of 16-celled matured colony. D: 2, 4 and 
8-celled plakeal stages, each plakea being surrounded by vesicle. E: 16-celled 
plakeal and mulberry stages. F: 32-celled young colony with apparently uni¬ 
flagellate cells. G: Colony clumping. H: Gamete release. I: Gamete clumping 
and conjugation of gametes. J: Quadrifiagellate zygote. K: Motile zygotes 
aggregating. L: Aplanozygotes before secretion of walls, each zygote having 
two pyrenoids. 

Plate II. Pandrina unicocca Rayb. et Starr. M: Green zygotes with heavy 


— 7 — 



_72_ m 56 m m 3 g- to 56 g 3 g 

walls and pyrenoids. N: Reddish brown zygotes. 0: Germinating zygote. 
Note hyaline bodies in thin-walled protuberance. P : Biflagellate gone cell escap¬ 
ing from zygote wall. Q: Biflagellate gone cell with gelatinous envelope. R: 
Empty wall and zygotes. S-X: Gone colony formation. S: 2-celled stage. T: 
4-celled stage. U: 8-celled stage. V: 16-celled stage. W: Inversion stage of 
16-celled plakea. X: 16-celled gone colony in gelatinous envelope. 

* * * * 

Pandorina unicocca Rayburn et Starr (HI! • t: >f~* V U g) i'CHU't' 

Rayburn 

b (1974) 

4-@, fcb&m'i'1dife*i£tbXMibbtitzo 

IWUR® Pandorina morum Bory AAA14 M®MWMM M (MW'&W'nX't 

s mmKw%-?zt®k jsaa*» 

Pandorina unicocca fiDgffg:^ '-/itfilic 
Pandorina morum O % 0 t it HA 5 A Eudorina-Pleodorina jg^i 
o dipib Pandorina unicocca kt., Pandorina morum 

i 0 4 Eudorina % O 


O^KJiA: (B. Izawa : Illustrated Cyclopedia of med¬ 

icinal Plants (Materia Medica) of Japan) pp. 331, pis 142. 1980. 

¥20,000. ^ot4irM-OiS$lit4o^ 40^-niiLtfiA fiJlB 
^51 Y bScMPPW-. ILX£2#4 461 k K 

tk#>, Pr%<D7 4 ^AjliiegE^iJL, #®ic|2I)tg^^x.'C, JfeWifiL Vc, W%, 

±m%, mm, m\ usm m%, fxm 

)it\E'CV'§ 0 C k k S;f0lSi&O k c AaAAAo X 2> As CAb 

it-c- §■ b A g 0 'A A 4 Oic.® HI® A % V'a, 

Abo ■¥■ < i2iot'5 C 4 ^SXA-^f At' 0 

(Itill^A) 


— 8 — 




March 1981 




mP ‘ 


H. Nozaki : Life history of Japanese Pandorina unicocca 






em am 

X 

I 

£ 

JL 

H. Nozaki: 

Life history of Japanese Pa?idorina 

unicocca 


I 

5 


0*~ *' w pj&jyjjEgl 



¥'y' p 



§MHl • 








fc i 

V j; r** » 

> >:> 

; ■- 

























